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Alone or in HIV Coinfection
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Visceral Leishmaniasis (VL) is an infectious disease which constitutes a serious public health problem, integrating the list of
neglected tropical diseases. The disease is characterized by a Leishmania-specific immune suppression T-cell depletion and
a decrease of other hematopoietic cells. In parallel, an immunostimulatory response also occurs, represented by polyclonal
B lymphocytes, T-cell activation, and systemic proinflammatory responses. Parasite antigens were believed to mediate both
suppression and activation mechanisms, but these concepts are constantly being revised. Similar to reports on HIV/AIDS, we have
proposed that gut parasitation by amastigotes and lymphocyte depletion could also affect gut-associated lymphoid tissue, leading
to mucosal barrier breach and predisposing to microbial translocation. An increment of plasmatic lipopolysaccharide (LPS) levels
observed in Brazilian VL patients was implicated in the reduced blood CD4+ and CD8+ T cell counts, systemic T-cell activation,
pro-inflammatory cytokines and MIF plasma levels, suggesting that a bacterial molecule not associated with Leishmania infection
can exert deleterious effects on immune system. Recent results also pointed that the proinflammatory response was potentiated in
VL/HIV-AIDS coinfected patients. The LPS-mediated cell activation adds another concept to the immunopathogenesis of VL and
can bring a rational for new therapeutic interventions that could ameliorate the management of these patients.

Visceral leishmaniasis (VL) is an infectious disease caused by
protozoans of Leishmania sp. genus. VL is a serious public
health problem integrating the list of neglected tropical
diseases. In a recent World Health Organization report, 0.2 to
0.4 million cases were globally estimated in the last five years
[1]. Ninety percent of them occur in only six countries: India,
Bangladesh, Sudan, South Sudan, Brazil, and Ethiopia [1, 2].
The infection is transmitted by sandflies, and nowadays,
L. (Leishmania) donovani and L. infantum (sin. L. chagasi)
are the main species causing VL [3]. These protozoans are
intracellular obligate parasites that infect macrophage cell
lineages from lymphoid organs such as bone marrow, spleen,
liver, and lymph nodes. VL is classically characterized by
fever, hepatosplenomegaly, cachexia, blood cytopenia, and
a high parasite burden [4, 5]. It has a high mortality rate,
and even in treated patients, the case fatality rates are
of 10–20% [1], especially in HIV-coinfected patients [6].

Immunological response is directly involved in the disease’s
clinical outcome, but the pathogenic mechanisms are still
controversial, and the concepts are constantly being revised
[7–11].

VL is classically considered an immune suppression-
mediated disease characterized by T-cell depletion and
decrease of other hematopoietic cells (erythrocytes, platelets,
and neutrophils) [4]. Early studies from the 80s showed
that active phase of VL evolves with an impairment of
the specific effector T-cell response to leishmanial anti-
gens, absence of a delayed-type hypersensitivity reaction
to parasite antigens, and an inability of T lymphocytes to
proliferate and produce interferon (IFN)-γ and interleukin
(IL)-2 cytokine in response to leishmanial antigens [4, 12].
In vitro neutralization of IL-10 and IL-4 recovers the type
1 cytokine production in peripheral blood mononuclear
cells (PBMC) stimulated with leishmanial antigens [13].
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In accordance with this, restoration of the immune response
to L. infantum is also achieved following specific treatment
[13, 14] which reinforced the role of parasite antigens in the
suppressive mechanisms [15]. However, other mechanisms
have already been implicated in this immunodeficiency such
as: circulating molecules acting as soluble receptors for IL-2
[16], immunocomplexes, lipoproteins [17], and deactivating
cytokine interactions (IL-4, IL-10, and transforming growth
factor [TGF]-β) [15]. These suppressive mechanisms are
aggravated by the intense leucopenia especially on T-cell
compartment, with a consequent decrease of both CD4+ and
CD8+ T lymphocytes [9].

Although immunosuppression is considered a hallmark
of acute VL, a remarkable polyclonal B-cell response also
occurs. High titers of unspecific and specific immunoglob-
ulins against leishmanial antigens were described [4], sug-
gesting a dual role to parasite antigens, either lymphocytes’
activation or inhibition. Therefore, others studies reported
an intense release of inflammatory cytokines in the plasma of
active VL patients, including tumour necrosis factor (TNF)
[18], IL-6, IL-8, and macrophage migration inhibitory factor
(MIF) [9, 10]. Besides, elevated levels of plasmatic IL-10 and
TGF-β are also detected, showing that these patients present
a mixed profile as a result of a cytokine storm [9, 19]. By
consequence, VL clinically present as systemic inflammatory
response syndrome [5] similar to sepsis, malaria, or dengue
fever.

A systemic proinflammatory response is also observed
in HIV-1/AIDS patients [20]. As the virus-mediated chronic
immune stimulation does not fully explain the intense
cellular activation, other mechanisms have been investigated.
Of utmost impact, it was demonstrated that CD4+ T
cell depletion from gut-associated lymphoid tissue (GALT)
[21] leads to mucosal barrier breach and predisposing
to microbial translocation (MT). Bacterial products as
lipopolysaccharide (LPS) were responsible for an intense
cellular activation and proinflammatory cytokine release due
to its immunostimulatory activity [22].

Recently, Brenchley and Douek [23] reviewed all the
restrictions that humans developed to protect themselves
from intestinal microbiota translocation. In this context,
any alteration in the gut selective permeability or loss of
intestinal immune regulation can facilitate the MT. This
phenomenon has been demonstrated in diseases involving
the intestinal tract such as inflammatory bowel diseases
[24] and graft-versus-host disease [25]. Taking into account
that gut parasitation by Leishmania amastigotes is known to
occur in VL [26, 27], it was also expected that a microbial
leakage from gut into the circulation was likely to affect these
patients. Moreover, VL shares similar pathogenic features
to HIV/AIDS, most notably proinflammatory responses and
systemic lymphocyte depletion [4]. Recently, our group
demonstrated that the increment of plasmatic LPS levels
observed in Brazilian VL patients was implicated in the
reduced blood CD4+ and CD8+ T-cell counts, systemic T-
cell activation, proinflammatory cytokine plasma levels, and
higher MIF levels, suggesting that a bacterial molecule not
associated with Leishmania infection can exert deleterious
effects on immune system [9]. LPS levels are correlated

to soluble CD14 (sCD14) and plasma intestinal fatty acid
binding protein (IFABP) levels in VL patients. It implies that
LPS was bioactive in vivo, probably having a luminal origin.
An increase in activated status was shaped by increased
percentages of activation-associated molecules (HLA-DR,
CD38, and CD25) on T lymphocytes and high proinflam-
matory cytokines response. Consistent with this feature,
LPS levels were positively correlated with IL-6, IL-8, and
MIF. The hypothesis that bacterial products can impact on
chronic immune hyperactivation status in VL prompted us
to argue possible benefits of antimicrobial prophylaxis in
conjunction with anti-Leishmania therapy. Thus, ongoing
studies in experimental VL are being performed.

Studies addressing MT in infectious diseases are scarce.
To our knowledge, rather than HIV-1 infection [23] and
VL [9], a LPS-induced immunostimulatory role was only
demonstrated in HBV and HCV virus [28]. A spectrum of
changes in the mucosal architecture can be observed in gia-
rdiasis, with consequent diarrhea episodes and adherence to
the epithelium [29], raising the issue that any condition that
causes gastrointestinal barrier damage may allow luminal
contents leakage into circulation. In this context, intestinal
parasitic disease such as amebiasis, strongyloidiasis, or
criptosporidiasis, as well as gastroenteritis due to virus or
bacteria could evolve with MT. These possibilities raise such
pathogens, as candidates to further studies.

In the last 30 years, the expansion of the HIV/AIDS
epidemic over leishmaniasis endemic areas and vice versa
has increased the number of coinfected patients [6]. VL is
an opportunistic disease in HIV/AIDS patients, although
not yet considered an AIDS-defining disease. Both infections
with L. infantum and HIV-1 share immune-compromising
mechanisms that may affect the parasite control in VL
coinfected patients [30]. Consequently, coinfected patients
present a more severe disease in comparison to patients with
VL alone, with increased parasite burden, drug resistance,
and frequent relapses [6, 31]. On the other hand, Leishmania
infection can also contribute to more rapid progression to
AIDS, impairing both the lymphocyte depletion and the
chronic immune activation, disturbances already observed in
HIV-1-infected patients [32, 33].

Considering that MT is involved in activation mecha-
nisms in HIV/AIDS patients and was also detected in VL,
it was supposed that this phenomenon could be potenti-
ated in coinfected patients. Recent studies (Santos-Oliveira
et al., paper in preparation) showed that Leishmania/HIV-
coinfected and HIV-1 monoinfected patients presented high
LPS and IFABP levels, but the results were not statistically
different. However, the plasma proinflammatory cytokines
(IL-1β, IL-6, IL-8, IL-17, IFN-γ, and TNF) were much more
higher in coinfected group. LPS levels along with immune
consequences of Leishmania infection were associated with
high levels of CD38 in T CD8+ in coinfected patients. These
cofactors seem to contribute to the activation status by
enhancing the plasma cytokine storm. The parasite influence
in this system cannot be ruled out, although patients had
experienced a clinical remission of VL symptoms after
antileishmanial therapy.
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In conclusion, the parasitation of intestinal mucosa and
T-cell depletion can lead to GALT compromising, enabling
microbial translocation of luminal gram-negative bacteria in
VL. The LPS-mediated cell activation adds another concept
to the immunopathogenesis of the complex viscerotropic
Leishmania-host interaction. More importantly, immune
activation can profoundly impact the VL clinical course and
prognosis, contributing to increase the risk of death even
under antileishmanial treatment. This mechanism is aggra-
vated in Leishmania/HIV coinfected patients. These findings
can bring a rational for new therapeutic interventions that
could ameliorate the management of these patients, thus
reducing the mortality of VL associated or not with HIV-1
infection.
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